Abstract. On the basis of analyzing the working principle of the swashplate axial piston pump, based on the AMESim simulation platform, establishing the key components simulation models including the piston pump flowplate, the connector of swashplate and piston, swash plate control structure. In addition, use components of AMESim signal library to establish the complete piston pump model. By changing piston pump model parameters such as the export volume, the number of piston, the swash plate inclined angle, piston diameter, leakage crack size, operating simulation to get piston pump outlet flow and pressure fluctuation characteristic curve. The results show that piston pump pressure fluctuation can be reduced when increasing the piston pump export volume. Reducing the swash plate inclined angle, increasing the number of piston and reducing piston pump leakage can lessen the piston pump outlet flow fluctuation. Moreover, the relationship between the piston diameter and flow fluctuation is not obvious.
Introduction
Due to the swashplate axial piston pump with compact structure, small volume, high efficiency and convenient to realize stepless adjustment, can be used as a key component in miniaturization, a wide range of fuel flow regulating facility. But the swash plate axial piston pump in the process of operation will produce certain flow fluctuation, which will cause the pressure fluctuation leading to affect the normal work of the fuel supply system. Therefore, it is significant to grasp the swashplate axial variable piston pump pressure and flow characteristics in the process of operation.
Foreign research on the modeling and simulation of piston pump has been very mature. Germany [1] has used DSHplus and ADAMS to joint simulation of piston pump, to achieve the connectedness between its dynamic model and hydraulic model. Athens polytechnic university [2] has established the simulation model based on pressure control to study the variable piston pump working characteristics. Studies show that the area of the control valve is an important parameter that influences the output pressure. Domestic Zhejiang university [3] doing liquid-solid combined simulation based on ADMAS and AMESim simulation software to study the piston pump dynamic characteristics when switching flow rate and pressure. Southwest Jiaotong University [4] has established piston pump AMESim simulation model to obtain flow and pressure fluctuation coefficient under different number of piston by simulation calculation.
Based on the AMESim simulation platform, the key components simulation models including the piston pump flow plate, the connector of swashplate and piston, swash plate control structure have been established in this paper. In order to build a complete detail swashplate axial piston pump simulation model, components of AMESim signal control library have been used to establish the piston pump load control system including swash plate inclined angle and piston force. Setting parameters reasonably and operating simulation to get the swashplate axial piston pump outlet flow and pressure fluctuation characteristics curve.
The Swashplate Axial Piston Pump Simulation Model
Piston pump belonging to volume pump, is one of the reciprocating pump. Piston pump mainly rely on the eccentricity rotation to drive the piston in the cylinder for reciprocating motion back and forth, which leading to changing the working chamber volume to realize the suction and discharge process of the hydraulic oil. Through regulating variable institutions to change the swash plate inclined angle of the piston pump, it can realize the piston pump displacement regulation. Because the swashplate axial piston pump with compact structure, small volume, high efficiency and convenient to realize flow adjustment, can be applied to the large flow, high pressure and flow need to be regulated occasions [5] . Based on the working principle of the swashplate axial piston pump, using AMESim HCD (Hydraulic component design) libraries to establish key components simulation models including the piston pump flow plate, the connector of swashplate and piston, swash plate control structure. Taking advantage of the simulation models of these components to complete the whole simulation model of the swash-plate axial variable piston pump in detail [6] . The piston pump flow plate simulation model as shown in figure 1 , which consists of four ports, respectively connected oil inlet, oil outlet, piston and cylinder body angle sensor. Oil flow in or out are controlled according to the scope of the cylinder body rotation angle. The connector of swashplate and piston is used for simulation rotating cylinder and rotating swash plate, as shown in figure 2. The simulation model is composed of five ports. Port 1 is swash plate inertial submodel. Port 2 on behalf of the piston pump cylinder body and transmission shaft inertia submodel. Port 3 is a source of torque. Port 4 is responsible for connecting the piston. Port 5represents for actual rotating angle of the output signal.
Swash plate control structure component can be used in the simulation of the rotary swash plate. The model is shown in Figure 3 , which contains two ports. Port 1 connects swash plate inertia. Port 2 connects a control agencies piston.
On the basis of the working principle of the piston pump and simulation model of key components, establish complete swashplate axial piston pump simulation model by using the control signal in the AMESim simulation software. As shown in Figure 4 .
The Simulation Results Analysis of the Swashplate Axial Piston Pump
Based on the complete simulation model of the piston pump, the following research how exit volume effects pump pressure fluctuation and how the piston pump structural parameters such as piston pump swash plate angle, the number of piston, piston diameter and its leakage parameters effect flow fluctuation.
The Pressure and Flow Characteristic Curve of Piston Pump
Piston pump export flow, pressure fluctuation characteristic curve at different piston pump swash plate inclined angle as shown in Figure 5 , and 6. It is obvious to see with the increase of swash plate inclined angle, piston pump output flow and pressure increased significantly. It accords with the working characteristics of the piston pump. Moreover, it proves the correctness of the piston pump simulation model. Figure 5 shows that with the decrease of the swash plate inclined angle, the export flow of piston pump become more uniform [7] . 
Piston Pump Pressure Fluctuation
Piston pump pressure fluctuation will produce the problem such as noise, vibration, which seriously influenced the performance of the piston pump [8] . In the process of simulation analysis finds that the size of the piston pump export volume will affect the pressure pulsation. The pressure fluctuation coefficient when piston pump exit volume for 5, 10, 20 and 40cm 3 is shown in Table 1 . By analyzing the piston pump pressure fluctuation coefficient under different export volume data, increasing appropriately the size of outlet volume of the piston pump, can effectively reduce the piston pump pressure pulsation.
Piston Pump Flow Fluctuation
Known from the theory analysis of piston pump flow fluctuation, in addition to the piston pump structural parameters such as piston pump swash plate angle, the number of piston, piston diameter affect flow pulsation, the leakage parameters will affect as well [9] .
Swash Plate Inclined Angle. As shown in table 2, when the swash plate inclined angle changes from 15°, 12.5°, 10°, 7.5° to 5°, piston pump flow fluctuation coefficient by simulation calculation reveals that with the decrease of the swash plate inclined angle, the outlet flow fluctuation of the piston pump weakened gradually. The Number of Piston. In order to study how the number of piston influence piston pump flow fluctuation, respectively establish the number of piston for 5-9 simulation model, the output flow fluctuation coefficient is obtained by simulation calculation. Leakage Parameters. Piston pump leakage is inevitable, AMESim simulation software can research on piston pump leak by HCD (Hydraulic component design) module. Radial cracks from 0.005mm gradually increase to 0.2mm, obtaining flow curve under different leakage parameters by simulating the leakage between piston and cylinder gap [10] . Figure 8 reveals that with the radial crack gradually increases, the output flow of the piston pump is less and the flow fluctuation phenomenon increases at the same time. Analysis shows that piston pump leakage is a very serious problem, it will not only affect the piston pump output flow, but also will increase the flow fluctuation. Therefore, we should try to reduce the piston pump leakage in order to reduce the flow fluctuation. 
Conclusion
Based on the AMESim simulation platform, by modeling and simulation for the swashplate axial variable piston pump, piston pump flow and pressure curve have been obtained in the paper. It provides reference to study piston pump outlet flow and pressure fluctuation characteristics.
On the basis of the above research and analysis, it shows that factors affecting the piston pump flow fluctuation including structural parameters such as piston pump swash plate angle, the number of piston, piston diameter and leakage parameters. The export volume size has a significant influence on piston pump pressure fluctuation. The simulation results show that increasing the piston pump export volume, piston pump pressure fluctuation can be reduced. The piston pump outlet flow fluctuation can be lessened by reducing the swash plate inclined angle, increasing the number of piston and reducing piston pump leakage.
